ABSTRACT. The intestinal microbiota of newborn calves changes during the early postnatal period and influences their health and immune function. We studied the compositional changes in the intestinal microbiome of newborn calves during the first week after birth by metagenomic analysis. In feces from newborn calves, we identified 4 bacterial phyla, namely, Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria. The relative abundance of Lactobacillaceae significantly increased from day 1 to day 7. We evaluated Lactobacillus spp. colony numbers using selective agar plates and confirmed that the abundance of Lactobacillus spp. significantly increased during the first 7 days after birth. In conclusion, Lactobacillus spp. colonized the intestinal tract of calves during the first 7 days after birth.
The intestinal microbiota is affected by gender, diet, age, antibiotic treatment and environmental factors. It has been reported that the relative abundance (RA) values of Bifidobacterium and Lactobacillus in the intestinal microbiota vary according to the host species [4] . The period from birth to weaning is a period of great stress to young calves; at this stage, calves undergo the metabolic, nutritional and behavioral changes required to become a functional ruminant [2, 7] .
Recently, it became possible to perform metagenomic analysis for simultaneous identification of all the taxa comprising microbial communities by calculating the number of sequence reads corresponding to each species. In human adults and adult cows, the intestinal microbiome has been studied by metagenomic analysis and is reported to be composed of the phyla Firmicutes (RA: 64%, 81.9%), Bacteroidetes (23%, 5.4%), Proteobacteria (8%, 9.6%) and Actinobacteria (3%, 2.8%) [1, 5] . The intestinal microbiome in calves at 36 days of age was reported to be composed of Firmicutes (49.1%), Bacteroidetes (42.3%) and Proteobacteria (4.1%) [3] . Nonetheless, there have been no reports on the development of the intestinal microbiota in newborn calves by means of the metagenomic method.
Lactobacillus spp. are often administered to calves as a probiotic supplement that supports the health and growth of veal calves [3, 6] . Using metagenomic analysis and the selective agar plate culture method, in this study, we explored the colonization of newborn calves' intestines by Lactobacillus spp.
Five clinically healthy newborn Holstein calves were used in this study. The calves were born at the full term of the gestational period on the Rakuno Gakuen University Farm. The calves were fed mother's fresh colostrum within 12 hr after birth, and after that, they were fed 2 l of a commercially available milk replacement (Meiji Feed Co., Ltd., Tokyo, Japan) twice a day during the observation period.
Samples were collected from rectal feces a day after birth (day 1) and 7 days after birth (day 7). The feces on day 1 were not meconium. The collected samples were immediately cultured on agar plates for the detection of bacteria, and the rest of the samples were stored at −30°C until DNA extraction.
DNA was extracted from the fecal samples using the PowerSoil ® DNA extraction kit (Mobio Technologies, Vancouver, Canada). For amplification of the 16S ribosomal RNA (rRNA) gene, 1 µl of the extracted DNA served as the template in subsequent PCR with a primer set (784F: 5ʹ-AGG ATT AGA TAC CCT GG TA-3ʹ and 1061R: 5ʹ-GGA TTA GAT ACC CTG GTA-3ʹ) targeting the V5-V6 region of the 16S rRNA gene. Deep sequencing of the amplicon was performed on an Ion PGM™ sequencer using a doi: 10.1292/jvms.16-0406 318 chip and an Ion PGM™ Sequencing 400 Kit (Thermo Fisher Scientific, Waltham, MA, U.S.A.). The resulting sequences were analyzed by means of the QIIME pipeline [1] .
Fecal samples were diluted with a buffer that consisted of 0.45 g KH 2 PO 4 (Kishida Chemical, Osaka, Japan), 1.68 g Na 2 HPO 4 •12H 2 O (Kanto Chemical, Tokyo, Japan), 0.05 g ʟ-cysteine HCl•H 2 O, 0.05 g Tween ® 80 and 0.1 g agar in 100 ml of distilled water. Samples were subjected to serial 10-fold (w/v) dilutions with the above-mentioned dilution buffer and vortexed. The Lactobacillus spp. colonies were counted after the samples were cultured on modified Lactobacillus selection (LBS) agar plates (Nissui Pharmaceutical, Tokyo, Japan). The results were expressed as the number of colony-forming units (CFUs) per g of fecal samples. Statistical analysis was performed using SPSS version 11.5 (SPSS Inc., Chicago, IL, U.S.A.). The RAs and colony counts in the microbiota between day 1 and day 7 after birth were calculated, and significance of the differences was analyzed by Student's t-test.
The sequencing generated a dataset consisting of filtered high-quality classifiable 16S rRNA gene sequences with a mean ± standard error (SE) of 14,317 ± 3,967 sequences per sample.
The metagenomic analysis determined that several phyla were present in the microbiome. The detected bacteria could be subdivided into 4 phyla, namely Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria (Fig. 1) . In samples from the first feces on day 1, the RAs (%, mean ± SE) of these phyla were 0.2 ± 0.14, 18.1 ± 9.7, 24.0 ± 7.4 and 53.4 ± 17.0, respectively. In fecal samples obtained on day 7, the RAs of Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria were 11.9 ± 2.3, 25.8 ± 3.4, 43.9 ± 4.1 and 13.6 ± 2.2, respectively. These results showed that the intestinal microbiota of newborn calves was composed of 4 phyla: Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria. The RAs of these 4 phyla changed between the 1st and 7th days after birth. All the calves were managed in the same breeding environment and given the same milk replacement diet. Nevertheless, differences in the composition of the intestinal microbiome among individual calves were observed in the day 1 feces. The individual differences in the taxonomic composition of the intestinal microbiota among the calves were smaller at 7 days after birth.
Seven families of bacteria rose to dominance in the microbiota of the tested samples during the first 7 days, as follows: families Bifidobacteriaceae and Coriobacteriaceae in phylum Actinobacteria; families Lactobacillaceae, Streptococcaceae and Veillonellaceae in phylum Firmicutes; family Bacteroidaceae in phylum Bacteroidetes; and family Enterobacteriaceae in phylum Proteobacteria (Table 1) . Bifidobacteriaceae were undetectable, and the RA of Coriobacteriaceae was 0.2 ± 0.14 on day 1, while their RAs on day 7 were 2.3 ± 0.29 and 9.3 ± 2.3, respectively. The RAs of Lactobacillaceae, Streptococcaceae and Veillonellaceae changed from 0.14 ± 0.13, 0.16 ± 0.07 and 0.08 ± 0.04 on day 1 to 11.3 ± 5.1, 4.7 ± 2.2 and 7.1 ± 1.6 on day 7. The RA of Bacteroidaceae increased from 4.2 ± 2.1 on day 1 to 22.2 ± 4.6 on day 7, and that of Enterobacteriaceae decreased from 51.3 ± 17.2 on day 1 to 10.5 ± 2.8 on day 7, respectively ( Table 1 ). The RAs of the following bacterial families increased significantly from day 1 to day 7: Bifidobacteriaceae (P<0.001), Coriobacteriaceae (P<0.01) and Veillonellaceae (P<0.01), while that of Enterobacteriaceae decreased with borderline significance (P=0.07). One study in adult cattle reveals that Firmicutes dominate the intestinal microbiome, representing 81.9% of all sequence reads, followed by Proteobacteria (9.6%), Bacteroidetes (5.4%) and Actinobacteria (2.8%) [4] . In the present study, the composition of the intestinal microbiome in the first feces varied among newborn calves born under the same environmental conditions. Therefore, some bacteria contained in the mother's colostrum may contribute to the composition of the intestinal microbiota of newborn calves.
The number of bacterial CFUs on the LBS agar plates increased in all the calves from a mean value of 2.87 log CFU/g on day 1 to 8.76 log CFU/g on day 7 (Fig. 2) . Interindividual variability in the detected bacterial species was observed on day 1, but the microbiomes of the calves were more homogeneous on day 7. The number of bacterial CFUs on LBS agar, which is selective for Lactobacillus spp., increased from day 1 to day 7. CFUs in the feces of calves at 7 days old reached the copy number similar to the amount reported for 12-day-old calves [6] . This result is similar to that reported for human infants [4] . The above change corresponds to the results of the metagenomic analysis. In the present study, we detected Lactobacillus spp. in the first feces samples from only 2 of 5 calves, but the population increased to more than 10 7 CFU/g on day 7. Therefore, the intestinal colonization of newborn calves by Lactobacillus spp. took place during the first 7 days of life.
The intestinal microbiome of newborn calves was found to comprise genetic material from the phyla Actinobacteria, The data show the taxonomic levels of the detected microbes (more than 1% of RA) in newborn calves on day 1 and day 7. doi: 10.1292/jvms.16-0406
Bacteroidetes, Firmicutes and Proteobacteria according to metagenomic analysis. The intestinal microbiome was characterized by an increase in the RA of Firmicutes (including families, such as Lactobacillaceae) during the first week after birth. Thus, the first week of life may be an important period for the intestinal colonization of calves by Lactobacillus spp.
